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1 INTRODUCTION

The following provides a brief and informal account of an analysis technique used by the Electronic Warfare

Division 1EWD) to produce high range resolution radar cross-section (RCS) profiles of maritime targets. We

begin by giving a simple theoretical discussion of the basic principle behind the technique employed, and
then move on to describe the computer program used to carry out the first stage of the RCS analysis and

make comparison with other work.

Iligh range resolution RCS profiles, i.e. RCS as a function of range r, were derived for a moaritimrie target with

the use of a coherent radar system developed by the Microwave Radar Divisi2n (MRD). Synthetic rang,

profiles were obtained for the ship by exploiting the reciprocal relationship that exists, in the context of the

present work, between range and frequency-(see Equation (3)), and by employing a fast Fourier transform

(FFT) algorithm to evaluate the inverse discrete Fourier transform (IDFT). The technique is referred to in

the literature as stepped frequency imagingand involves the recording of radar returns from n pulses, such

that the carrier frequency P, for each successive pulse is incremented by a fixed amcunt Av. The tech

has been discussed by several authors, including Wehner et al. (1979), Prickctt and Chen (1980). and Bryans

(1986).

2 SOME THEORY

The purpose of this section is to "fill in some of the gaps" left by W\ehner et al. (1979). and by 3rvans ( 19R6 1

in their theoretical discussion of stepped frequency imaging. The treatment presented by the latter aiith,,r

was actually based on other work, including that of Prickett and Chen (1980). According to Bryans (I 19r,,

provioed the duration of the transmitted microwave pulse is large enough to enclose the entire target, the
radar return G(k) say, from an extended object a

t a range R, can be expressed as (refer to Figure ii -

G(k) = AJ F(r) exp -4 (vo + k,. v)(R - r)} dr,

where Fkr) is the target reflectivity function, A is a scale factor (a function of power and signal propagation

for example), c denotes the speed of light, and 1 -. The ope-ating or carrier frequency vk. of the radar
is given by :-

v1, = v + kAV (k 0 0, 1,. n - 1). 12)

Note that F(r) is a continuous real function of range r, and G(k) is a discrete complex function of the

integer k (which in turn specifies the radar operating frequency). Furthermore, the limits of the integral not
explicitly written in (1), are determined by the width of the transmitted radar pulse.

We can also write Equation (1) as :-

G(v) = A f F(r) exp(2iwAt)dr, (3)

where It = 2(r - R)/c, and we have dropped the subscript notation on the frequency V., That is. the

argument of the exponential term in (1) and (3) represents the phase 0, of a returned signal relative to

= 0, defined at range r = R. Rearranging (1), we find that :-

4wst

H (k) = F(r) exp -(V 5 + kavr') de, (4)

where

H(t) = A-'G(k)exp [4%- (L + kAv)R . (5)

c-
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Figure 1 Target range geometry (after Prickett and Chen 1980).

We recognise Equation (4) as being a continuous Fourier transform that includes a phase shift 'orm
exp(47rzvr,'c). Hence, we can obtain the target reflectivity function F(r), from (4) via the following in-
verse continuous Fourier transform (ICFT) relationship :-

F(r) = J H(k) exp r (v, - kAv)r dv.
f ~C I

Whence the discrete version of (6) for n radar pulses is g.ven by --

F=ZHk exp [47rz(v. - kav)r, (1= 0,1. n- 7).

In evaluating the magnitude of F (which we will ultimately be working with) the above phase shift term in
Equation (7) is effectively removed. It is therefore more convenient to simply use

F, = yHsexp(-2TAk'r,), (8)
k =0

where A.' = 2kAv/c. By analogy with a standard expression for the IDFT, for example

k - Xexp (k 0, 1,..., n- 1), (9)
Sn=0

we find that r, = cl/2nAv, and F can be evaluated using a FFT routine. The range resolution Ar, intrinsic
to the above method via the FFT algorithm, is therefore

Ar= C (10)A _2n~v' (0

which agrees wcith the formula given by Bryans (1986). In terms of the effective bandwidth B = nAv, of the

transmitted waveform, the range resolution can also be specified by the familiar expression

2" =2B' (II)



3 ERL-0502.RN

3 TIE COMPUTER PROGRAM

At the time of writing, the most recent version of the computer program written to enable a preliminarv
analysis of the RCS data is called HIGH RES ANALYSIS 3 (refer to the program included as Appendix [I
The input data files contain measurements of the in-phase (I) and quadrature (Q) components of nm r 256
transmitted and received radar pulses per frame. The returned radar si,'r,I Cfk), can therefore be written
as 0(k) = IA + zQk. Header information for each frame can also be extracted from the input files. An initial

radar operating frequency L.% of 9.16 GHz was chosen, and a frequency increment of ..t, = I MHz used for

each of the 255 subsequent pulses. From Equation (10), the range resolution Ar, is then se, at :-

3 1 0
s

33 - 10 -06 m, 1212 256 x 106 -

and yields an unambiguous range window (n - 1)Ae, of approximately 150 m, which is large enough t,

enclose the selected target.

The FFT routine used in the program to evaluate Equation (8) via

F1 Hk exp(2zk) (I = 0,i,..,n- I). 113

was taken from p. 754 of Numerical Recipes (refer to Press et al. 1986). The stortge convention oif the
input/output data array DAfA1. is outlined in Appendix II. Once the data are windowed with the Ilan,,in:

window function, and the n-point Fourier transform applied, the amplitude .4, associated with the returned

radar signal (a measure of the power returned from the target), is stored in an output file, together with the
appropriate range value. The above amplitude of the radar return is presently defined as

.4 = ,F., - ,'Fl'F .Fl

That is, the square root of the sum of the squares of the real and imaginary components of the IDFT This
can later be sraed *n accordance with a standard calibration procedure to produce an estimate of RCS in
the units of dBm

2 
for example.

The result obtained from running the progiam on an input file is presented in Figure 2. The range profile was
plotted using the graphics package CRICKET GRAPH. Good agreement is found with the corresponding
plot for the same data provided by MRD (see Figure 3), although the latter result was obtained with an
independent computer program developed by that Division.

Note that the output data files currently contain range and radar return values separated by a TAB, as
required by CRICKET GRAPH. The computer program used in the next stage of the analysis, i.e. GRAPH

MATCH, has been modified to allow for this. Refer to Bawden and Moon (1989) for further details concerning

the use of GRAPH MATCH.

4 CONCLUSIONS

In this research note we have presented a simple theoretical discussion of a radar technique known as stepped
frequency imaging. We have demonstrated the results that one can obtain with this technique, and shown
these results to be in agreement with those produced by MRD for a particula- data set.
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Figure 2 Example of range profile obtained with HIGH RES ANALYSIS 3 (see text)
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APPENDIX I

HIGH RFS ANALYSIS 3

program h th res analysis

.... I.......................................

* autnor P.W. Taliana and S.D. Zlt.on
" date 13-Nov-1989
p ,roaJ calculates the AC' pro!.e of a target using a highresolution radar technnique. The techniqce is based on theS.ISAR method and eff.ploys a FFT routine in the analysis

.................. I............................

= } [ autolirJk rtntie unics
($r-)

uses

t, 7--Ickdraw, osintf', tool -Int-f,
-Pas: nouz ?ascnso-Ie, SAN'r, ?as? - 

r- rier ack-n - - f',.u"

header start - 'T: '

n - 256 :
P: - 3..45 93
nn2 - 512 : used in I
r.n - 256: (!FT
sgn - ~(routine)

zype
gldarr3y - array (I..nn2] of real
Cut !ile - arrayll..2,1..156] of real •
in file data type - Record

header Packed Array(l..256 of char
data a-ray (i..2561 of

packed record
TXinphase,
TX uadrature,
RX_inphase,
%X_quadratue byte

end
end

var
FRFI,OatArp : out file
datal gldray :
MAX Power Array (i. .21 of longint
heaoer str255
k,i : integer
input file file of in f!iledata type
file data in file data-type
word STRING;-
number real :
in header boolean

.. ...... Assiq Data . ...................

procedure assign data ;

assign recieved signal components to a data array that is to be FourLeT
trans formed )

begin ( assigndata j

'riteln('assign data)
for i to n do
begin

daal[2°i-11 :- r[2,il ; datal[2*il :--fiJ2,ij
( writeln (IM AD,, char (9) .catal [2*i-11, char (9) ,dstal[2*il):

end:
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e ;( a~55Gn da~ }

Procedure H.-,ing

jwintw d.ata using the Ham,.-inq window funczlcn

Vaz
a, 1, k :nteger
winCow : Real

2eg n ( 1larrnng
Nr:te2n('Hxo. ng

'
)

a :- n1
-or i :- i to n do
Beg-n

wjncowi :- 0. 4-0.45 * ccs(2.o0 .i (i-!) /a)
:- datal2 -- l -window

a~al[2.I datalZ.]-1wlndowi
End ;

ZN'D Ham'ng

................. FAST FOU ER T.ANSFCPM.........................

Procedure fft(vzr datal: gidarray: nn,isign: integer)

replaces :ATA by its discrete Fourier transform, if ISTGN is Input as 1; or
replaces :ATA by NN times Its inverse dicrete Fourier transform', If IWN
is %.navt as -1. DATA is a complex array of length NN or, equivalently
a real arrsy of length 2-NN. N must be an integer power of 2.

-N.erical Recipes p 754 }

var
i, J,n,.an2,..sasx,.,nj,istep, i: Integer

wte-,wr,wr,wpi,withetal: double : ( double precision fnr :he trignormetric I
temr,tenol:: real • { recurrences

becin
wr,_teln'FFT')

C for I:- I to 2*nn do
begin
wr'-eln('1F'!', datal(t])

end : )

for ii :- 1 to nn do { this is the bit-reversal section of I
begin t the routine
i :- 2*1i-l :

if (j>i) then begin
tempr : datal[j] exchange the complex numbers
tempi : datal[9 l]
data/'[J] :- datal[i]

datal[ij :- tempr:
datal(i+l1 :- tempi

end ;
m :- nn2 dv 2
while ((m >- Z) and (J > m) do

begin
I-m

m m dlv 2
end

end
rmm.ax 2 { here begins the Danlelson-Lanczos section of the r:
while (nn2 > mmax) do outer looo executed loq(2) NN times I
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sigi- ant :3 st .e .:: e s :2 t=e r. ;rase arnd Zw*~azz:

ze ('nread')rair

mveOf-eata.neaerheace*: >55 I s rc ~ r ae

-ten~ eade-j

f * ' t - n do

oX'ntase 512.e lata.:!aa:air :rnznase -U

7xq arse !z2.e data.=aa2l .7X_) flcla e U

-a~~rzre~ i~_aa.:aa::2 .RXoatre-U

chase ;'R F: Tharsrnt

RX dratere
cX hase : S77 t 4 S ecene?

- *92 uaaature;

ren d : oa.
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race -a_

zzvtedeA4C1 run, ,:zv(haer 4

e aner,4

*(c -dea / (2.0Ofzeqinunn) : =zrvert ;rtdea asactated w tn

,,L7.0 da-a.. [2'-' ;dat-': ''i I--da!:2-'i 1 daaV t(:
ampl2 =Z.O - :.n (arm) 0.4343 :1L;a
am;2 :- rzd(amni.)

end

end wrtte data out

.................. Iaun PrCotJ$...........

resetInu f 'e.rcsIOO.dlat')
fzr k :- 1 to 2 do
ben
ReadZata t.n( k
assign dat.a
Ha=. ing;

Wr~te data n ut
end
readin

end.
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APPENDIX II

FFT STORAGE CONVENTION

Figure II.I illustrates the storage convention for the input output data array DATAI contained in the

program HIGH RES ANALYSIS 3. The input array Irefer to (al) contains N (a power of 2) complex data

samples in a real array of length 2, witl real and imaginary components alternating. The output array

trefer to (ib)) contains the complex Fouriet spectrum. Again the real and imaginary components alternate.

Ehe array begins with zero frequency. and builds up to the most positive frequency. Negative frequencies

then follow, starting with the second most negative frequency (remember the most positive and negative

frequencies are ambiguous), up to the frequency just below zero.

o .. '... } ,o ..u . [,

1 0

a

Figure I ; IN zIla ....... i

Figure IM. Storage convention for input/output data array DATA I (after Press et ad. 1986).
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